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» Xeostranic Freccises &t Orein Beundwrias “4

Investigations of slectronie phenosuna ocouring at
intererystalline boundaries bave been ourried en, for some
uﬁ.uwwum‘uum an opportunity
to pressnt sume of the Fesults at recemt Rrussel Conferenesyy)y
since howsrer they are nod yet pudlished, I shall have to -
repeat them shortly herel | |

The work has Deem carried on silicon snd germanitm -
of both n end p types. Scgples were prepared either by growing
of crystals from & proper eped or by sone melting of an
initially single erystali In this way ane cbtains twin
orystals ecntaining low angle and high angle bounfaries.
Samples of regular form / usually 10* 2 0,5 mm / were cut
fyom suoh orystals with a boundary perpendicular to the
lengest dimenston of a smxples The boundaries were made
visible under optical ar electommicroskope by proper etohingy
orystallegrephical crientatica of both parts of the bierystal
established by X = yays diffrection methods. |

' The cecurence of two kinds of bounlaries, of esaentielly
different eleotronic preperties was found.We ahall call them
further the boundaries of the I —st snd the II =nd typed

* The wark on electrenic properties of G B in Ge has bean
carried on by T#igielaki, extended to Si by MiVastrugbskag
%reys study of @ B = J.Auleytner and M, Lefeldy technologicsl
group W,Giriat /Ge/ and T, Niemyskl /S1/.
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B ot typh keweptind 46 Jow srgle didiocaticn buwndaries;
T ~mi to high engle boundaries and wascherent twine.

The bounderics of the I =st kind act as regions of
wibwncod recudination This bebaviour of 0 B was cbeerved
by many suthore / Vogl, Read end Lovel) (1) /i
manw@mm-mmumbw.
‘whet measured ia e direction perpendicular to the boundary.
~ Aleng the beundery cue obewrves & mariced decrease in the
wwmw“umnmz.

Assming that surfote reccsbinaticon at 6 B equal S,
“mﬁw@(wo(mmummmam
to the diffesion eurve at the G B, the boundery conditica
takes form g ok, - £ X =Y

»umumuamm«.mtmm
mﬁuwummummmuu
umumm?—ai% 70, vith the
sbove boundery emstitions; et putring Log - log o~ Log o
where and )Pm are values at the bountery of )

1€

extrepolated linear mummmm.
m:5/o—2£- K LmLmu.
Mmmhué«a /
mmuammmu/fwyﬁm
instanss for the cade showm in £ig1 S'- ?90@,“.,/5
mmumn—mwmm
are the main subjest of the present paper; show a mmber of

striking and yather unexpected foatuvres.
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| mmww«mmmu

WWMM -onf changes its
Mthwmmmlmnm.
mwmdmwwmwm.
mp-vumdv/@‘?/%ﬁg/

2’ tadamuahwnammd"
mmﬂwmmmmamw
of logaritim ef photoonwwent vei distance from the boundary
surve corresponds to the iffusion length of the minarity
cavrieye /fig %4

umagfutmmmmum
m-mmmmmmm
usmally s maximm of the sollector ourrent /fig.4/ s
This deviation from a mmotonic fall is connected however,
with the infiusnce of photo = emf en oollector, and can be
partly or whally eliminated by inereased callector selectivity
for ninerity carriere or by beckground illwmination of
.mawmmmaomm-nya
wvnmm.mmwm

WWmmwnmnde
the boundery is increased above that of the bulk meterial ¢
This increase msy be s0 marked that the collector current
is almost comstant over the whale length of the boundary
/i=-2m/§
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Strong background Lllwminaticn ew polarising veltage of
fow volts applisd to the boundary roduces the apparent
&iffusicn length to its normal value /fig.%//
samw-vézwm.mmmn
centaing such beundary is stmilar to the diods charecteristic
in blocking directions
mMWM1udwtomcmw1mun
um.tmmetmmmaa.
n-p-nﬁthmm.n vpoumh,p-n-pm
a p = typed Ve taks fur Anrther dtscussion the first case /8. I
28" p*n Smotiond
htmmaa-m‘udccnmnornthapumm
barrier afdiight at the bemdary of hights. Ve put Y = for
an electrostatic potencial, ¢/ = Permi level, w = width
of a boundary region, which we assume is small compared with
the diffusion length L J Fhoto = emf ¥ will depent on separeties
n'mmcm“mamcmummta;u
& current of holes produced by light and crossing the boundary,
e might obtain V from the equiltvrium cantitien | .. (}-_'
MamammMmuorhdnm
elsctrans respectively. After simple calculaticms cne cdtains
for mwall 11luminations

\" . L\ é‘c" W S o o e ) Vo N
o - , - Q‘ 9 .-»" :'\.;. "\. ‘ Yoo ‘\ "—
R U ety ey
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m@:/zﬁ:u-omuumhmmnmAu
d p, .. dmaity of hedes $n bumdary vegien Fren the sbeve
Mnmmmmmd'mm
when py, 7 By 1404 vhen Deuntary 18 of n = p* _ n type.

As the essurence of the phete = enf 1s the most
ossmtial festure of 0 Bs of the I ~nd Gype, we are foroed
0 asewme the existance of p* region at such boundary. This

-50

by Neore and Webster fow n = p* Justions /4
Essential for “feed - in, feed = outoeffeot® /shortly f£fe/
is the interaction between the holes by their electrostatis
fialdy the hale entering p* region disturbes by its chavge
fren the p* reglon of sems other holed s the trensfer of
holes through the beuntery region 4s in Whis ease essentially |
met a diffusion precessi
Mumﬁnﬁ“deM
ocused by cne hole 15 equal =3¢ ¢ In the stationery state
4) muumm,ﬁc}ﬁm“wdw
W & inscuing elestron or by an cutooming hole. fintmminhtug

Vi

25X1

Approved For Release 2009/01/16 : CIA-RDP80T00246A004400320001-7




- 25X1

. . ‘ - =
Approved For Releas‘e 2009/01/16 : CIA-RDP80T00246A004400320001-7

RN ¥

Caleulating the difidussion surrants of holos sl slestrons
censel by the ehangs of the burrise hight =0 ¢ , oo cbtats
for provaniliy of eguleten of & bate: - (14 £ )7
Pe 1s effective when |/ {4 As the expresston for Wp
is 1dentical with the binmmial coefficient for the photo —emf,
one cen see, that doth this effects should oocour sialtaniouselyd
Atcnmmw-nf)mmaumunmm
versa. 0f courwe, the recembination of a hole in the boundmry
ncicnhmmunmomnhnhc\mtmmma)f
thus £fe sxglains immediately the contimuity of the trensveree
diffusion cwrve.

One can also understand the apparent increass of the
longitudinel diffusion lengthi Let us fullow propagation
ummbmymmwamnmm
caused by injection of soms holes at ome point. Prodlem is
analogous o0 that of a tranmmission lins; with capacity per
_unit length { ¢ and oonduotivity 5 o One has also to
introduce a Aumping eonstant . ascunting for leak of holes
mmmmummm.1We1mm
for a mtim::y solutions of differential equations
J%—%%g——;ﬁvx(f ) wheve ("-\ﬁ““("‘t}?o
is the measure of deviation from equilibrium.
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- Y=

mmmw_m%—oammmmuma
um?tﬁehuﬁw’/’immums
XK= 2= (/H@ ) » where gm—@,bzpmmv
ommv«mmm“ub/amuvnmn¢u
m.wmmmmmm /{'*/(0
7%_ )’@MGJ momuu(;vdq
mm.mwumm
Wne/% f/“, /m, b/mﬂm.uobtam/ ()”/ >/L
We 8o not know the exact valuse neithsr of x, nor (ou- 4
Naking however reasonable estimations /.o~ 100 -4 000 A" XN/{OO,.X’NJ/,
one can easily ebtain N =% (A0 — 400 )|, which 1s smply
sufficient to sdcount for the odservaticns.
Furthsr informations can de gained froam investigations of
trensient phenanena. Experimental data are shown in £ig.6.
Zhe square = wave voltage pulses have been applied through
omic electrodes to a sampleo containing a boundary of the

IX -nd type and current through the sesmple obscrved on the

seroen of an oascilloscope. The circuit constents were so
edjusted that initial peak of curment correspcnds]to charging
dabmy.wmmmmmnhmpm* to peak
valus, circles ~ to rugien stationary value of a currenty
Ro initial peak appears for low voltages applied to
oo
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Por vaitages 4n the venge of 1 = 20 v the peak fellews |/ 301
wmmumznvnmwmm
m’u«mwwuammugm
V2 1108 with the expertmental surve.
hfnnm&mwuwmtmu&
um@mnmwwmmmavuc
Wummu@mmmmm
amuumbmw&mmmmaun
the Poisson equation mmmmum
(4; KI' & _ e 2
o 2¢ n
/é«-Momumz/a
n-ymmmmmnmuncmmtm
uhdummtn-.mmmuun
MMMlFQJ[ ]beN(gTentﬁ)F'MB KT
m¢m .unmg L omqé
one odtains 5€+ = S~
umm«mmmmm «Mu
mmes%uﬁgmm. quf’m
m’mmuamum.mmmm
mormuuumm.a
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htJvmmm@termemmmml
\0

voltnsoiaoqulsm.% -Manutm\alvoltmoqu%%vs
0.4° ann@s;-gmmwgzjmatttn. mt;”,gkﬁ |
ktTe_ 2 ¢ we have ‘#‘(k“ /Lfk) with ©, = K, ¢
Mﬁwft n:"ctrm 4n surfuce atates s is an in ereasing
functien ofA‘{’”%o“%’g"“HA‘{’)dm exact shape of fumotien
£ depends on energy spectrum of surface statesd Tor unglo%
energy level} 5=Ms‘*=_"’bs[w|f°(ﬁsftf+#>>ﬁwq ’
mmwb.ummnnmommnmrb E.4
remhishaturg mobuma” ﬁQ"/M“))Z

S:SOQ )'H'\Mb (#:(kbg/ - 4 o ¢ .
Aceording to this formmla the dependance or.f on 1_/10 vexry
nnm';mmmwmmzséc Vqﬂ{ff/"m
voltagoom#:fﬁﬂoz %4}::%!@80 "< ~ V72
mapmutﬂthmmmtnlnm‘l:r:r&umtmp

of 2 - 50 valts Vhen hewsver the surface\ beceme saturated
1404 )%_"\_/. /l, S mmaemmtmmu.qmms
mmmmtmmywdmnmowtm
the pesk in £1g.L% should disappeer. Frem the velue of
mmatmmwmmmnmutmulmiv
domianm,miohﬁrmtomluhdmmd

%
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Citpla sosmption of e single (rergy lovel of owrface
otates does 0y nacl to acoount {4 all obcarved fasts,
The experimental dats of a doperdanoe of longitudonal i,
2iffunion lengnt on apulicd voltage wnd the current - valtags
characteristic of photocurrent show that ip the renge of
DB v 2V the barrier hiv i Xovors mlca cousiderabtlys Fhe
WALt ewrrert <~ veluase chareetesdetic is5 chown in fifle
One ebmald notic: a atrong lnnrcaoe oi the curpent at ~ome
falrly low voltuge / its vaiue chances from sarpleo to sample/,
Tnis bam&igur ¢t photosurreni inSicatesthat electronic
co:,:;)onent\"éwr:‘m% beowres wpureciahls it these folirly low

rel tiagea, whiich ie noesliie Gy we. ‘1 dacreases by gome
e

g { P S TR oy ™ f ..
. AR ‘ti‘u i"’: t _11:1.'. !’n-«‘-*lai.ag f)ﬁ_‘_&} {Z}ﬂ:' “ope to obtaln m
\ P
BURL LM SOPTaLIs O Ty s v fees ndary surface
A

Pe o Pl Lol L oo oowatl 4o national Confaraency
iz leatponics end Teleco~
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